Introduction
COPD is a complex disease with significant heterogeneity in clinical presentation, physiology, response to therapy, and prognosis. In order to approach this heterogeneity, an attempt has been made to group patients with similar characteristics that could be associated with a differential clinical outcome by using the term clinical phenotype. 1, 2 Clear examples of COPD phenotypes associated with different outcomes have been described, such as the frequent exacerbator 3 or the overlap COPD and asthma phenotypes.
The Spanish guidelines for the treatment of COPD (Guía Española de la EPOC, GesEPOC) propose four different COPD phenotypes: NE, ACO, EE, and ECB. 5 This approach has been adopted after the consensus of the different stakeholders in the health care management of COPD patients, namely respiratory medicine specialists, primary care and internal medicine physicians, as well as specialized nurses and physiotherapists -by their respective scientific societies -and supported by the health care authorities. However, the distribution of these phenotypes is largely unknown in a clinical practice setting.
The main objectives of this study were to determine the distribution of COPD phenotypes according to the Spanish COPD Guidelines in clinical practice in PC and pulmonology centers, to explore differences in terms of their demographic and clinical characteristics, and to evaluate the availability of diagnostic tools for the classification of COPD phenotypes.
Materials and methods study design and organization
This was an observational, cross-sectional, and multicentered study conducted from November 2012 to December 2013.
The sample population included patients who attended PC and pulmonology centers in Spain. Recruitment was prospective, whereby the first six patients with a diagnosis of COPD, who attended the clinic for a checkup and met all the inclusion criteria, were consecutively included. The clinical data (at the study visit and from the medical history during the previous year) and available resources from the center were collected. This study was approved by the Ethics Committee of Hospital Clínic i Provincial de Barcelona, Spain. All participants provided written informed consent.
The study was carried out with the collaboration of a Clinical Research Organization (TFS, Barcelona, Spain), which monitored the local physicians. Telephone monitoring was carried out in 10% of the participating physicians in order to guarantee the scientific and methodological rigor of the study.
Centers that participated and patient selection
A total of 193 physicians (104 from PC and 89 from pulmonology centers) from centers all over the regions of Spain (except La Rioja region, which represents 0.68% of the total population in Spain) participated in this study. They were selected based on their previous experience in COPD research and their interest in this study. The list of investigators participated in this study is provided in Supplementary material.
Patients who met the following criteria were included in this study: $40 years of age, smoker or ex-smoker (at least 10 pack-years), clinically stable COPD (at least 1 month following recovery from the last exacerbation), and a postbronchodilator forced spirometry FEV 1 /FVC ratio ,0.7 or a pre-bronchodilator FEV 1 /FVC ratio ,0.7 and FEV 1 ,80% (when a post-bronchodilator test was not available). Patients with other chronic respiratory diseases (eg, cystic fibrosis, severe bronchiectasis, cancer, and restrictive lung disease), inability to complete quality of life questionnaires, or participating in a clinical trial were excluded.
Variables
Each physician completed a questionnaire on the availability of diagnostic tools necessary to correctly classify clinical COPD phenotypes in their clinical practice.
Sociodemographic characteristics and clinical COPD data from patients were collected. The degree of dyspnea was assessed according to the m-MRC 6 and the COPD severity level was measured using the BODEx index 7 or the BODE capacity index, 8 depending on the availability of the methods. Comorbidities were assessed by a COPD comorbidity index (COTE). 9 The level of physical activity was assessed by the self-reported daily walking time as previously described. 10 Patients also completed the CDLM questionnaire 11 and CAT. 12 Clinical COPD phenotypes were classified according to the GesEPOC criteria. 13 The following algorithm was used to determine phenotype: 1) patients with 0 or 1 exacerbation in the previous year were classified as NE; 2) patients who experienced at least two exacerbations in the previous year and clinical/radiological or functional evidence of emphysema were classified as EE; 3) exacerbators with cough and expectoration for 3 months of the year over two consecutive years were classified as ECB; and 4) patients who met two major criteria or one major and two minor criteria as defined later in the text were considered as ACO. Major criteria were previous history of asthma, sputum eosinophilia, and bronchodilator response to salbutamol higher than 15% and 400 mL. Minor criteria were high total IgE, history of atopy, two separated bronchodilator responses to salbutamol higher than 12% and 200 mL, and blood eosinophils .5%. Since the Spanish criteria were considered very restrictive, [14] [15] [16] we also used the ACO definition proposed in the COPD History Assessment in Spain (CHAIN) cohort; 16 major criteria were previous history of asthma, bronchodilator response 
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Distribution of COPD phenotypes in Spain to salbutamol higher than 15% and 400 mL, and minor criteria were IgE .100 U, history of atopy, two separated bronchodilator responses to salbutamol higher than 12% and 200 mL, and blood eosinophils .5%. To be diagnosed with ACO, a patient must fulfill one major or two minor criteria. Characteristics of patients classified as having ACO by both set of criteria were compared.
Exacerbation was defined as an acute increase in respiratory symptoms that require treatment with antibiotics and/or systemic corticosteroids or treatment in a hospital setting.
statistical analysis
A descriptive analysis for the total sample and by clinical setting (PC and pulmonology centers) according to the COPD phenotype was performed.
Values were expressed as mean and standard deviation for continuous variables and absolute and relative frequencies (percentages) for categorical variables. Frequencies of COPD phenotypes were described by percentages and their 95% confidence interval (95% CIs 
Results
A total of 1,114 patients with COPD were selected, of whom 647 (58.1%) met all the inclusion criteria. STROBE flow diagram of patient recruitment according to PC or pulmonology settings is shown in Figure 1 .
Distribution of clinical phenotypes and its demographic and clinical characteristics
In the overall population, patients were predominantly classified as NE (47.5%) or ECB (29.1%). The distribution of clinical phenotypes according to recruitment centers (PC or pulmonology centers) is shown in Figure 2 . The most frequent phenotype in PC was ECB (39.8%) and in pulmonology was NE (55.8%). Demographic and clinical characteristics by clinical phenotypes are displayed in Table 1 . Statistically significant differences regarding age, sex, and BMI within the four phenotypes were observed. The main differences observed were that all phenotypes showed a higher percentage of males except those with ACO, which presented a similar proportion of both sexes. Moreover, patients with the ACO phenotype were significantly younger than those with the other phenotypes. Regarding clinical characteristics, significant differences in FEV 1 , BODE/ BODEx index, m-MRC scale, respiratory symptoms, comorbidities, hospitalizations, and exacerbations in previous year were also observed among phenotypes. In particular, patients with ACO and NE phenotypes presented more preserved lung function compared to those with ECB and EE phenotypes. Furthermore, BODE/BODEx index and m-MRC scale also showed significantly lower scores (indicating lower severity) in the ACO and NE phenotypes compared to ECB and EE phenotypes. In contrast, COTE index was higher in ACO patients (more frequent anxiety, depression, gastric ulcers). CAT scores were worse among exacerbators, particularly among ECB.
Characteristics of patients according to the type of centers (primary care vs pulmonology)
No significant demographic differences were observed between patients with regard to age, sex, and BMI according to the recruitment centers (PC or pulmonology centers); however, patients in PC centers were significantly more frequent active smokers. Regarding the clinical characteristics, patients in pulmonology centers had more severe impairment in FEV 1 (%) and more dyspnea on exertion, but patients who attended PC had more respiratory symptoms and exacerbations in previous year and greater impact on their quality of life as evaluated by CAT and CDLM ( Table 2) .
Impact of different criteria for aCs
According to the CHAIN classification of ACO, 16 the proportion of patients with an ACO phenotype increased significantly from 6.5% to 15.2%, particularly in PC where it increased from 4% to 12.8% compared with an increase from 9.5% to 18% in the pulmonology center ( Figure 3 ). No significant demographic or clinical differences between patients diagnosed with either of the two classifications were observed ( Table 3) .
Availability of diagnostic tools to classify COPD phenotypes
Physicians reported that over 80% of the diagnostic tools needed to classify COPD phenotypes were available. Exceptions in PC centers were computed tomography (only in 26.9%) and carbon monoxide transfer test (only in 13.5%). 
Therapeutic management
Almost all patients (99.2%) received COPD maintenance treatment. The most frequent combined treatment was triple therapy: LABA/LAMA/ICS (44.2%), followed by LABA/ LAMA (23.6%). Therapeutic management analyzed by clinical phenotype showed LABA/LAMA/ICS as the most common treatment for all phenotypes except for NE phenotype, in which LABA/LAMA combination was more frequently used (31.9%) ( Table 4) . 
Discussion
Our results have shown that the most frequent phenotype of COPD patients in Spain is the NE phenotype, with some differences related to health care settings, followed by the ECB phenotype. The ACO phenotype is the least frequent, accounting for less than 10% in PC and only 4% in pulmonology centers, although its prevalence is heavily influenced by the criteria used. Findings of this study indicate that most sites that manage patients with COPD have the tools needed to characterize COPD phenotypes according to GesEPOC; 5 therefore, most patients included in this study could be appropriately classified by phenotype. There are differences in pharmacologic treatment of COPD among the various phenotypes, which reflect the implementation of a somehow personalized treatment in clinical practice. In fact, a recent audit of patients with COPD attended in outpatient clinics in Spain found that 46.3% had their phenotype recorded in the clinical records. 17 The main strength of this study lies in the fact that it was conducted on a national scale in both primary care and specialized care settings, providing us with interesting information on the available health care resources that will help characterize COPD in both settings. It also offers a good snapshot of the proportion of COPD phenotypes and their clinical characteristics. In addition, the application of a standardized protocol in data collection has helped us avoid enrolling cases whose COPD status was unconfirmed, as shown in Figure 1 . In this study, 22 
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Distribution of COPD phenotypes in Spain 11.1% in pulmonology centers) and 21% of the patients did not show airflow obstruction in the spirometry test (30.3% in PC and 12.1% in pulmonology centers). The incorrect diagnosis of COPD and the limited use of spirometry testing in the assessment of respiratory symptoms are similar to that reported by prior studies conducted in Spain, where ,50% of the individuals with a COPD diagnosis in primary care had performed a spirometry test 18, 19 or where COPD was incorrectly diagnosed in 31% and 14% of patients seen in primary care or specialized sites, respectively. 20 Nevertheless, there are some methodological considerations that should be borne in mind regarding the sites that participated in this study.
Their selection was not random but based on their previous experience in COPD studies and their interest in this study; furthermore, included patients were not randomly selected. Despite these limitations, we believe that the selected sample is representative of what happens in Spain in both of the care settings, as it included a large sample of subjects from 16 of the 17 sites in the country.
Regarding the resources used in the characterization of clinical phenotypes, the most significant result is probably their high availability, which indicates that characterization is feasible in clinical practice. Nevertheless, it should be noted that in primary care center, access to a lung diffusion 
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Calle Rubio et al test and computed tomography scan was limited, which could negatively affect the characterization of EE, and similarly there was little access in both health care settings to sputum eosinophilia count, which is a diagnostic criterion for the ACO phenotype. Similarly, a recent study from Turkey has indicated that obstructive airway diseases can be easily characterized in routine clinical practice based on clinical, radiological, and pulmonary function tests, and only 6% of patients were classified as having undifferentiated obstruction. 21 Regarding the phenotype frequency, the most common type of phenotype was found to be NE, followed by ECB, and only 6.5% to be ACO phenotype. Phenotype distribution was similar to that found in other studies, where phenotype NE was also found to be the most common, followed by ECB. [22] [23] [24] [25] A previous study performed in Spain in a population of 3,125 patients with COPD from primary and secondary care found 60% to be NE, with 19% ECB and 16% ACO. 24 More recently, a study on 831 patients all from secondary care found a similar distribution with 66% NE, 12% ECB, and 15% ACO. 25 Interestingly, this distribution of phenotypes is not particular to Spain, as a large study on 3,366 COPD patients from Central and Eastern Europe found 64% to be NE, 20.4% ECB, and 7% ACO. 22 However, when the distribution of clinical phenotypes by clinical setting was analyzed in our study, it was found that ECB phenotype was most commonly diagnosed in PC center (39.8%), whereas NE phenotype in pulmonology center (55.8%). Similar results were obtained in the CHAIN cohort analysis, which showed that 66% of the patients visiting pulmonology sites were of NE phenotype. 25 Interestingly, there was a lower percentage of exacerbators among patients recruited at pulmonology centers, despite having a more severe airflow obstruction. This could be explained in part by a more intense therapy in patients followed in pulmonology centers.
With respect to the ACO phenotype, it is important to recall that although this is a well-known clinical phenotype, there is no agreement as to how to perform the diagnosis and, therefore, its prevalence may vary according to the diagnostic criteria used. 4 The diagnosis of this phenotype in the GesEPOC guidelines was based on a set of major and minor criteria. 13 According to these criteria, the prevalence of the ACO phenotype was very low in both health care settings, showing a result that was similar to that obtained in other studies, with prevalences ranging between 5% and 13%. [24] [25] [26] [27] Nevertheless, when less restrictive criteria were used in diagnosis, ie, the ones we termed modified CHAIN criteria, 16 prevalence increased to 15.2% of the total sample.
This prevalence is in accordance to the values reported in other studies where the diagnosis of ACO was performed using broader criteria, which included having a history of bronchial asthma before the age of 40 years, presence or a history of atopy, and positive reversibility test. 14, 28, 29 In order to improve the diagnosis of ACO phenotype, the Spanish guidelines for asthma and COPD have published a new simplified consensus. 30 Regarding the demographic and clinical characteristics, it is important to note that patients with an exacerbator phenotype were older than those with NE phenotype and showed more respiratory symptoms with a greater impact on their quality of life as evaluated by the CAT and more severe disease as determined by the BODE and BODEx indices. These data are similar to those found in the analysis of the ECLIPSE cohort 31 and the COPDGene Study. 32 In our study, we found very small clinical differences among exacerbator phenotypes, except for EE, which showed a lower BMI, higher smoking exposure, and greater degree of airflow obstruction. With respect to patients with the ACO phenotype, it is important to note that these patients were younger, less exposed to tobacco, and more likely to be female, compared to other phenotypes. In addition, ACO patients were less severe than other phenotypes, both in terms of BODE index and degree of obstruction. However, this group showed more respiratory symptoms (wheezing), a higher impact on their quality of life as measured by CDLM and CAT, and a greater rate of exacerbations. Moreover, they showed a greater frequency of comorbidities, such as gastric ulcers, anxiety, and depression. The demographic and clinical characteristics of the ACO phenotype are similar to those found in other studies; 14, 16, 26, 28, 29 these characteristics were not modified according to the criteria used in the diagnosis, ie, either GesEPOC criteria or modified CHAIN criteria.
The majority of the patients received inhaled maintenance treatment, with the most common option being triple therapy (LABA/LAMA/ICS), followed by dual bronchodilation (LABA/LAMA). Triple therapy was more frequently used in pulmonology sites compared to PC center, while the use of LABA/LAMA combinations was similar in both settings. Interestingly, triple therapy was the first choice of treatment in all phenotypes, except for the NE phenotype patients, who received mostly dual bronchodilation (LABA/LAMA). It is important to note that a vast majority of patients with an ACO phenotype were being treated with ICS (associated with one or two bronchodilators) and only a few with single or dual bronchodilation. However, there was an excessive use of ICS in patients with NE phenotype and those with no 
Conclusion
To conclude, our results show that most diagnostic tools required to classify COPD phenotypes are available in clinical practice, even in PC center, allowing classification into clinical phenotypes for the majority of patients. Approximately half of the COPD patients visiting both health care settings had NE phenotype, which is the most common phenotype found among COPD patients. The prevalence of the ACO phenotype varies greatly according to the diagnostic criteria employed; however, this did not result in a change in clinical characteristics. Along with recent findings, this information should be borne in mind when updating diagnostic criteria for the ACO phenotype. The distribution of COPD treatments shows that individualized treatment related to patient phenotype is a reality in clinical practice in Spain and that its impact on results in the medium and long terms should be evaluated in future studies.
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